
APANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number 10189571 A 
(43) Date of publication of a p pl ication : 21 .07.98 



(51) Intel H01L 21/316 








H01L 21/76 








(21) Application number 03341861 


(71) Applicant 


80NY CORP 


(22) Date of fifing: 20.12.96 


(72) Inventor. 


MATOBA YOSWHI3A 



(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a method far 
manufacturing a semiconductor device in which growth of 
bird's beak in a selective oxidation method can be 
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SOLUTION: A pattern of an oxide mask 22 with an 
opening at a planned region for element-Isolation 
tarnation is formed on a silicon substrate 10. Next, a 
low oxidation rate region 11 is formed near the 
substrate surface around the planned region and coated 
with the oxide mask 22. Thereafter, the surface of the 
si Scon substrate 10 of the planned element isolation 
region is oxidized to form an element isolation oxide 
film, and to form LOCOS (element isolation oxide film). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The mask process which forms an oxidation mask in a silicon substrate side by the pattern in which 
the isolation formation schedule field carried out opening, The inactivation process which forms a bottom 
acid-ized rate field near the substrate front face which is this perimeter [ an isolation formation schedule 
field ] field, and was covered with this oxidation mask, The manufacture approach of the semiconductor 
device characterized by having the oxidation process which oxidizes the silicon substrate side of this 
isolation formation schedule field, and forms an isolation oxide film after this inactivation process. 
[Claim 2] The manufacture approach of a semiconductor device according to claim 1 that an inactivation 
process is what pours in the ion of inert gas aslant to a silicon substrate. 

[Claim 3] The manufacture approach of a semiconductor device according to claim 2 that inert gas is 
nitrogen. 

[Claim 4] The manufacture approach of a semiconductor device according to claim 2 of having the activation 
process which carries out the ion implantation of the oxygen to an isolation formation schedule field after an 
inactivation process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semiconductor device 

which shortened the BAZU beak of an isolation oxide film (LOCOS). 

[0002] 

[Description of the Prior Art] Generally the selective oxidation method (LOCOS) which used the nitride as 
the oxidation mask is mainly used for the isolation of a semiconductor device. Compared with trench 
separation, the process of this approach is also simple and it has the advantage which is stabilized and can 
perform isolation formation. 

[0003] On the other hand, by the LOCOS method, the invasion of a BAZU beak to an active region surely 
appears. There is a problem on which it becomes impossible to secure sufficient active region to by invasion 
of a BAZU beak with detailed-izing of a device, and a narrow channel effect shows up notably. 
[0004] The process of the conventional selective oxidation method is shown in drawin g 4 . As shown in 
drawin g 4 (a), as for a selective oxidation method, it is common to form the pad oxide film 21 which eases the 
stress of a nitride to the 10th page of a silicon substrate, and the silicon nitride film 22 which functions as 
oxidation masks of oxygen impermeability on the pad oxide film 21. After forming two-layer [ of this pad 
oxide film 21 and a silicon nitride film 22 ] t as shown in drawing 4 (a), patterning which forms the opening 30 
of the pattern of an isolation oxide film for a silicon nitride film 22 is performed, the substrate side which 
subsequently is not covered with a silicon nitride film 22 is oxidized thermally, and the isolation oxide film 23 
as shown in drawin g 4 (b) is formed. At this time, oxidization advances under the edge section of a silicon 
nitride film 22, the edge of a silicon nitride film 22 is raised, and BAZU beak 23a arises. 

[0005] In order to control BAZU beak 23a, it is possible to some extent by enlarging the thickness ratio of a 
sijicon nitride film 22 to the pad oxide film 21 by thin-filmHzing of the pad oxide film 21, and thick-film- 
ization of a silicon nitride film 22. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the big stress concentration for holding down 
BAZU beak 23a into a LOCOS edge part in this case happens, problems, such as increase of junction leak, 
arise. Moreover, although the BAZU beak restrainning of forming a sidewall is in an oxidization mask side 
attachment wall, a routing counter increases sharply and TAT (Turn Around Time) also has the problem of 
becoming long. 

[0007] This invention was made in view of the above-mentioned situation, and aims at offering the 
manufacture approach of the semiconductor device which can control growth of the BAZU beak in a 
selective oxidation method. 
[0008] 

[Means for Solving the Problem] The mask process which forms an oxidation mask in a silicon substrate side 
by the pattern in which the isolation formation schedule field carried out opening in order that this invention 
may attain the above-mentioned purpose, The inactivation process which forms a bottom acidHzed rate field 
near the substrate front face which is this perimeter [ an isolation formation schedule field ] field, and was 
covered with this oxidation mask, The manufacture approach of the semiconductor device characterized by 
having the oxidation process which oxidizes the silicon substrate side of this isolation formation schedule 
field, and forms an isolation oxide film is offered after this inactivation process. 

[0009] In other words, this invention is a thing near [ which is covered with the oxidation mask in the 
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perimeter field of an isolation formation schedule field ] the substrate front face which forms a bottom acid- 
ized rate field near the substrate front face of the opening edge section lower part of an oxidation mask. 
Therefore, in case the substrate front face of an isolation formation schedule field is oxidized, it becomes 
Jate to go on for the bottom acid-ized rate field which surrounds an isolation formation schedule field to the 
longitudinal direction of a substrate, and oxidation advances in the thickness direction. Consequently, 
invasion of a under [ an oxidization mask ] is controlled and, as for oxidization, growth of a BAZU beak is 
controlled. 

[0010] Formation of a bottom acid-ized rate field can be formed by carrying out the ion implantation for 
example, of the inactive gas ion aslant, and driving inert gas into the substrate under the opening edge 
section of an oxidation mask. 

[001 1] When an ion implantation is carried out with such slanting ion-implantation, an oxidation rate falls by 
inert gas being poured also into the component isolation region which should oxidize thickly essentially, and 
there is a possibility that isolation oxide-film thickness will thin-film-ize, and the fall of component separative 
power may take place. Therefore, a BAZU beak can be controlled, while a component isolation region can be 
activated, consequently a thick isolation oxide film can be formed after an inert gas ion implantation, leaving 
a bottom acid-ized rate field to the substrate near [ around an isolation formation schedule field ] the 
oxidation mask edge section by carrying out the ion implantation of the oxygen to an isolation formation 
schedule field. 
[0012] 

[Embodiment of the Invention] Hereafter, although the gestalt of operation of this invention is explained 
concretely, this invention is not limited to the gestalt of the following operation. 

[0013] The manufacture approach of the semiconductor device of this invention forms a bottom acid-ized 
rate field near the substrate front face covered with the oxidation mask in the perimeter [ an isolation 
formation schedule field ] field which is opening of an oxidation mask, and controls a BAZU beak. 
[0014] As an oxidation mask, a silicon nitride film can usually be adopted and membranes can be formed with 
LP-CVD method. Thickness is usually about 50-200nm. In order to ease the stress of a silicon nitride film 
and a substrate side before membrane formation of this silicon nitride film, it is desirable to make a pad oxide 
film intervene between a substrate and a silicon nitride film. The thickness of a pad oxide film is about 5- 
50nm. Moreover, by the approach of the isolation called poly buffer ROKOSU, a polycrystalline silicon layer 
can be made to be able to intervene between a pad oxide film and a silicon nitride film, and LOCOS can also 
be formed by using these three layers as the antioxidizing film. The thickness of the polycrystalline silicon in 
this case is about 40nm. 

[0015] A photolithography performs patterning which forms opening as an isolation formation schedule field in 
an oxidization mask by etching of membrane formation of a photoresist, exposure, development, RIE, etc. 
after oxidization mask formation. 

[0016] Next, a bottom acid-ized rate field is formed in the substrate of an oxidation mask opening edge 
section lower part. Such a bottom acid-ized rate field can be formed by injecting the ion of inert gas into a 
silicon substrate. As what makes the oxidation rate of silicon late, although there are some besides inert gas, 
since this ion implantation is what irradiates an active region, and it is called the element which does not 
affect properties, such as a transistor, inert gas is used preferably. 

[0017] As inert gas, rare gas, such as nitrogen or an argon, is mentioned, for example, for example, nitrogen - 
- a silicon substrate — 1x1015/cm2 of doses 0.5 times when not pouring in an oxidation rate, when an ion 
implantation is carried out — becoming — 1x1016/cm2 of doses a case — an oxidation rate — usual — it 
increases 0.2 times. Therefore, the dose of inactive gas ion is 5x1015 to 5x1016-/cm2. Extent is suitable. 
[0018] Moreover, as energy of the ion implantation of inert gas, in the case of nitrogen, 15 - 40keV extent is 
desirable, and, thereby, inert gas is driven into a depth of about about 0.03-0.09 micrometers from relation 
with the depth which drives in inert gas, for example. 

[0019] Moreover, in order to form a bottom acid-ized rate field near the substrate front face which is a 
perimeter [ an isolation formation schedule field ] field, and was covered with the oxidation mask As shown in 
the 1st operation gestalt, the slanting ion implantation of the ion of inert gas is carried out near the edge 
section of an oxidation mask. While making the field of the perimeter of an isolation formation schedule field 
into a bottom acid-ized rate field, pouring oxygen ion into a perpendicular after that, activating the silicon of 
an isolation formation schedule field and making an oxidation rate quick, there is a method of leaving the 
bottom acid-ized rate field where oxygen was not poured in. 
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[0020] Or although there is the approach of forming a sidewall in the open end of an oxidation mask, and 
carrying out an oxygen ion implantation after that, activating the silicon of an isolation formation schedule 
field, and making an oxidation rate quick after pouring in inactive gas ion at right angles to a silicon substrate 
.as shown in the 2nd operation gestalt, it is not restricted to this. 

[0021] For the ion injection rate of the oxygen for activating a substrate, a dose is specifically [ are an 
amount for changing the bottom acid-ized rate field by inert gas into the usual oxidation rate or the oxidation 
rate beyond it, and ] 5x1015 to 5x1016-/cm2. Extent and energy are 10 - 30keV extent, and, thereby, oxygen 
is driven in from a front face to about 0.02-0.06 micrometers. 

[0022] After that, according to the usual oxidation process, the silicon substrate side of opening which is not 
covered with an oxidation mask is oxidized, and an isolation oxide film is formed. Since the silicon substrate 
surface of the lower part of the opening edge covered with the oxidation mask in the case of this oxidation 
serves as a bottom acidHzed rate field, oxidation advances in the thickness direction in the field which is not 
covered with an oxidation mask, and it becomes late that the oxidation to the longitudinal direction of a 
substrate advances for the bottom acid-ized rate field which surrounds a component isolation region. 
Consequently, oxidization hardly advances under an oxidization mask, but growth of the BAZU beak which 
invades into the edge section of an oxidization mask is controlled. 

[0023] After that, a channel stopper is formed by the ion implantation and, finally a semiconductor device is 
further obtained through formation of a transistor, a memory transistor, a wiring layer, an insulating layer, etc. 
The manufacture approach of the semiconductor device of this invention is applicable to all the 
semiconductor devices that have the isolation which uses LOCOS like the above. 

[0024] The 1 st operation gestalt of this invention is explained referring to [1 st operation gestalt] drawin g 1 
and drawing 2 . First, the process which results in drawin g 1 (a) is explained. The pad oxide film 21 with a 
thickness of about 10nm is formed for a silicon substrate 10 by the 950-degree C dry oxidation method, 
next, LP-CVD (low voltage CVD) — law — for example, about 100nm of silicon nitride films is deposited on 
condition that the following. 
[0025] 

mW; : LP-CVD 

JJX : S i H, Cl 2 =50sccm, 

NH 8 =200sccm, 

N 2 =2 0 0 0 sc cm 
BE* : 7 0 P a 

mm: 7 6 ox: 

Next, as shown in drawin g 1 (b), a photoresist R1 is formed on a spin coat etc., patterning which carries out 
opening of the field which forms an isolation oxide film by exposure and development is performed, the silicon 
nitride film of opening of a photoresist R1 is etched by the dry etching of the conditions of after that, for 
example, the following, and opening 30 is formed. 
[0026] 

#X : C 4 F 8 =5 seem, 

O* = 4 s c c m, 

Ar=100sccm 
JEE# : 7 0 P a 
RFM7- : 1 2 0 0W 

And on condition that the following, as shown in drawin g 1 (c), the ion implantation of the inert gas which is 
the description of this invention is carried out aslant. 

[0027] class [ of ion ]: — nitrogen impregnation include-angle: — 45-degree energy: — 15keV dose: — 
1x1016-/cm2 — by carrying out an ion implantation aslant in this way, as shown in drawin g 1 (c), nitrogen 
gas is effectively poured in also near the silicon substrate surface under silicon nitride film 21 edge upon 
which a BAZU beak trespasses. Although especially an ion-implantation include angle is not restricted, about 
70-20 degrees is desirable so that an ion implantation can be effectively carried out to the substrate of the 
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lower part of a silicon nitride film. An oxidation rate becomes slow and the silicon substrate into which 
inactive gas ion like nitrogen was injected serves as the bottom acid-ized rate field 11. However, since 
nitrogen gas is injected also into the silicon substrate of the opening field used as a component isolation 
.region, an oxidation rate becomes slow, an isolation oxide film becomes thin, and we are anxious about the 
fall of component separative power. Therefore, the next oxygen ion implantation is performed and an isolation 
formation schedule field is activated. This oxygen ion implantation is irradiated at right angles to a silicon 
substrate on condition that the following, as shown in drawin g 2 (d). 

[0028] impregnation include-angle: — 0-degree energy: — 15keV dose: — 1x1016-/cm2 — by performing 
such an oxygen ion implantation perpendicularly, as shown in drawin g 2 (d), the oxygen impregnation field 12 
is formed in the silicon substrate 10 of an isolation formation schedule field, an isolation formation schedule 
field is activated and an oxidation rate becomes quick. On the other hand, the bottom acid-ized rate field 1 1 
1 1 where oxygen was not poured in, i.e., the bottom acid-ized rate field of the silicon substrate of the 
opening edge section lower part of a silicon nitride film 21, remains as it is. Therefore, the silicon substrate of 
the silicon nitride edge section lower part into which a BAZU beak invades becomes that it is hard to oxidize, 
and serves as the structure where a BAZU beak cannot advance easily. 

[0029] After removing a photoresist R1, as shown in drawing 2 (e), selective oxidation is performed on 
condition that the following, and an isolation oxide film is formed by 300-400nm in thickness. 
[0030] Gas :P yro1.8 temperature: With this gestalt, although oxidization usually advances to the silicon 
substrate under a silicon nitride film 21 and 1000 degrees C of BAZU beaks advance by this thermal 
oxidation, since it is the bottom acid-ized rate field 1 1 near the silicon substrate surface of the lower part of 
the edge section of a silicon nitride film 22, lateral oxidization is controlled from the opening edge section of 
a silicon nitride film 22, and BAZU beak expansion is controlled. 

[0031] Then, as shown in drawin g 2 (f), heat phosphoric acid removes a silicon nitride film 22, rare fluoric acid 
removes the pad oxide film 21, and the isolation oxide film 23 is formed. 

[0032] Although BAZU beak 23a of the obtained isolation oxide film 23 becomes shorter than before and the 
die length of the BAZU beak of the conventional isolation oxide film is based also on the thickness of a pad 
oxide film, the die length of the BAZU beak of the isolation oxide film according to this operation gestalt to 
having been about 0.2 micrometers of** in general can be controlled to about about 0.05-0.1 micrometers. 
Consequently, it is possible to control fluctuation and the short channel effect of a transistor dimension, and 
it can contribute to improvement in a degree of integration. 

[0033] The [2nd operation gestalt] book operation gestalt is explained referring to drawin g 3 . Although the 
process which results in drawing 3 (a) is almost the same as drawing 1 (b), the opening 30 of a silicon nitride 
film 22 forms only the part of the sidewall formed behind a little more greatly than an isolation formation field. 
And it considers as inert gas by using a silicon nitride film 22 as a mask, and nitrogen gas is shortly irradiated 
perpendicularly on condition that the above at a substrate. 

[0034] Thereby, the bottom acid-ized rate field 1 1 where nitrogen was poured in is formed in the silicon 
substrate of opening. Next, after removing a photoresist, as it is shown in drawin g 3 (c), after depositing a 
silicon nitride film in CVD, sidewall 22a constituted from silicon nitride by the flank of the open end of the 
silicon nitride film 22 as anti-oxidation film is formed by carrying out etchback. Then, by carrying out the ion 
implantation of the oxygen perpendicularly, oxygen is injected into the substrate which is not covered by the 
silicon nitrides 22 and 22a, the oxygen impregnation field 12 is formed in an isolation formation schedule field, 
and it changes into the field which activates a bottom acid-ized rate field and usually has the oxidation rate 
of extent. On the other hand, since oxygen is not injected into the part covered by sidewall 22a, the 
substrate of a sidewall 22a lower part remains as a bottom acid-ized rate field 11. 

[0035] After that, it oxidizes like the 1st operation gestalt and an isolation oxide film is formed. Since lateral 
oxidization cannot advance easily because of the bottom acid-ized rate field 1 1 which consists in the 
substrate of a sidewall 22a lower part also in this case, advance of a BAZU beak is controlled. 
[0036] Although a routing counter increases compared with the slanting ionHmplantation of the 1st operation 
gestalt, its isolation width of face is small, for example, and the approach using this sidewall is effective, when 
difficult, or when a slanting ion implantation is obstructed by the height of a silicon nitride, and you want to 
control the width of face of a bottom acid-ized rate field. 
[0037] 

[Effect of the Invention] According to the manufacture approach of the semiconductor device of this 
invention, a BAZU beak can be controlled as much as possible, and it is effective in improvement in a degree 
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of integration. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] (a) - (c) explains the process of the 1st operation gestalt of this invention — it is each a 
sectional view. 

[Drawin g 2] (d) - (f) explains the process of the 1st operation gestalt following drawin g 1 — it is each a 
sectional view. 

[Drawin g 3] (a) - (c) is a sectional view which explains the process of the 2nd operation gestalt of this 
invention, respectively. 

[Drawin g 4] (a) and (b) are the sectional views showing the formation process of the conventional isolation 
oxide film. 

[Description of Notations] 

10 [ — A pad oxide film, 22 / — A silicon nitride film (oxidation mask) 22a / — Sidewall ] — A silicon 
substrate, 11 — A bottom acid-ized rate field, 12 — An oxygen impregnation field, 21 
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[0 0 1 1] C<D<fc5msS4«K*>;±A;£lC£y-<;i-> 
iiA-r^i. **J5<Kfb^ti-S'<^^^SE«SlgElcfc 
^;S14^X^;iA^n«C<tTK<b2g^f£TL-, fft^f- 

;±A^IC. ^^g|Jf$fi)c^^lcK^S:-<^->aAr 

* cilery. ^^JKfig^s^oSfflw^bvx 

* 8£$§8|iifi&<DgtS icfiSKbiSg^^^ U /<t^ £ lit?- 
^•SI^*5S1f<bT$, ^©JSS, llt^^^^glK•fbM 
£«5fi£T£a<!:lH)BSl;:, /<-Xt*-f $-«i»Jf 4ci*< 

[0 0 1 2] 

[3gW0>HS6tf)flSfii] JUT. ^WOUSSo^^lC^lx 
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[ooi 3] *¥&w<D¥m*mm<Dm&y;mt. mt^ 
(ooi 4] BHkv**£LT(*. mm&<mmmz& 

ffltSCt^Tf, l p-cvD;£ic<tyjsmr^ci 
#T£-S. mm*. M5 0~2 0 0 nm§gT*5. 

nnzft&2i*zz\iit>w$.u(.\ /ty ^mtm<ommit io 

5~5 0nmggT*5, /R'J /<777-D-3 

^<tn¥fin*^^C0^;iTli, Ay Ktt<UR&&fc 

g£i5<bRSit&<*: l/T LOCOS £JKfi£-f5 c <t *>T£ 
•So CC9i§^CD£$SH->U =1><D)5^li4 0 nmlgt 

[0 0 1 5] 62<bv;*.>>Jf5fi£SL 7* MJvy77-f IC 
<t«J7thl/y7K0fiEl, Sit. 3t&. R I Eiffli 

[0 0 16] iKlC. «K<biSe^S:6$<b^^^glP9i 

it. ~>v ^>mmz^^^<D^^->^±xt act 
cj: u a c iiw-Qi* -> u ^ i/<omimg.zm 

[0 0 17] *;g147fx<fcUTI;t. tfJxtfgJSi. &-5l\ 

U=l>SffilcK-X«1 X 1 0'5/cm2 TM*>;±A 
U/tti^, «Mb2fi(isiAU>a:O«^©0.- sfgfcfc 
U. X 1 0«/cm2 K^baSttii 

SCO. 2«IC^a„ ^F;S14^f^-f *>CD K- 

xaii. 5 x 1 ois~5 x 1 o'6/cm2 waufimstQ 

[0 0 18] : ; F;£14#;*0M*>;±A<DX*;U4 ; 

ttit(£aX0J|£. 15~4 0keVggSfff$K, 
cniCtUMO. 0 3~0. 0 9 Mmgg(DaS$lC5F;S 40 

[0 0 1 9] 1EH4kBA«i*eK?ttBJEj£?£ 
JBfi£^SfiS^O-> 'J a >£;£1£<bUTiS<bi§g£8< "T 

1 73 m»$>*. 50 



[0 0 2 0] &-5iMigS2HSSJBg!i::jn-r«fcplc. 
tt#*-f 'J a >StKlc£iSlC2£AU«:& 12<b 

[0 0 2 1 ] S««3ttfc-r«£«>«>lftS0!>'f *>£A 
ftli. *;Ste#7UC«fc*<SEM;2g««£iI«<0K<bS 

U. mftWicii. h'-X8#5 x 1 o's~5xi 

0'6/cm2 fig. XjiJM*— A* 1 0~3 0 k e Vflg 
T»U. cniCfcU, Hft»ftjB^&0. 02-0. 0 

[0022] ilttaKfcxsicfctj. IS^bv 

T**-#*BMfc**»Brt*-*. ;:©.*<b©l»ic. 8Mbv 
7, f TlfcnTU a 13 P *S5*i©T7f © -> U □ >S«SS 

*r«t>*iri\ai\««T»*73rtiicjiffL.. gts©«s 
7jS^o»<k(**?»i««*taii-r«fi»<ba«** 

^:*£©Tici4ii:<^<*:itfrtt--r. BHb^-x* ©cassis 

iCftAr £A-X£-*©j£ll#fl)#J2*l<5. 
[0 0 2 3] *©»f4. Witl4-<*>;±AlC«fcy?^* 

•77^, iEi^S> etMtt<!£0JB£e8T*«n(;:¥a < 

6ti*. *38i«©#3i<*gg©S!il7j;£l4\ 
±I2©$Q< LOCOSiffltxSS^SS^-r-Sfe^lSD 

[0 0 2 4] [R1S«SC] H1. H2«#l!!ll/ftA« 
6**W©SB1 SiSJB*IC-3l\T«Mr«. 01 

(a) ESSXB^KHt 7 *. '^'Ua>WR1 0€flX 
(49 5 0'C©K5-f»YbatC«tUJ54 1 0 n mflg©/t 
•> h'Kftlt 2 1 SJBfiW «. ;*IC, L P - C V D (fiff 
CVD) atlC«fcU«AtfTE©*f*TSfly£i»«*1 0 
0 n mgflMISW*. 

[0 0 2 5] 

: LP-CVD 
#.X :S iHj Cl» =50sccm, 
NH, =200sccm, 
Ni =2000sccm 
JE7J : 7 0 P a 
MM : 7 6 CC 
01 (b) IC^-r«tplC. 7*H/y7hRlS 

-E-CO^. «it 14 JUTtOft^CO K 5 -f X y lC«fc U 7 
*hi/S»ahR 1 coraPSPcoS^bSSKixy^v^L 
Tg§PSP3 0^J{5fiE-r-5. 
[0 0 2 6] 
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#X : C« F» =5 s c cm, 

0» =4 s c cm, 

Ar=100sccm 
£E* : 7 0 P a 
R — : 1 20 0W 

2fe#T0l (c) (c?pr<fcp (cottier *>;iA"t -5. 

[oo2 7] -c *>co«*s : &m 

iiAftg : 4 5' 10 
X*^*- : 1 5 k e V 
K-Xfi : 1 X 1 O'6/c m2 
cro£?lC$#IC^*>;±A-f -5 Cilery. 01 
(c) IC^T J:3IC. A-Xtf-f ^fSA-T-S^bEl^ 
flS2 1 ^OTOvy 3>St6iiEjfi&lct>gi!t;tf*# 
WS«)!C;4A^n-5<, «f *>&Aftftl*ttlCffJIB3tlftli 
W^fc3<biiigBiCDT:fr<DSt&^'f*>;iAT£-5 
cfc?lc. 7 0-2 0° aeA*»*Ul^ ^<7)<fcc»^:^ 

tfiKfcU, CSMbiSltfiiK 1 liftS. «^ 20 

«oattfl:*fi5. c©»in-f*>aAii. 02 (d) 

IC^fctP IC. M*.(*ftlT0>ft#TS' U 3 >g*£lcgH 
CHWti. 

[0 0 2 8] ;±Aftg : 0° 
Jl.*)V¥— : 1 5 k e V 

K-Xfi : 1X1 O'6/c m* 30 

2 (d) lc^«fc5C -amMJBj*?£flWCE>37' l J'a" 
>S«1 0ICK^>±ASI^1 2WBl£2ft. BrUMB 

fl^xn 2 1 orap«s»gPT^«>v u □ >a«offiKfb 
ammi i i*^<D££j$#-r*. t©t». /<-xt 

'J 3 >S<tBWMM5T*©-> U □ >S 

40 

[0 0 2 9] 7* hl/y7hR1$ISiUfct. 0 2 

(e) icstj^ic «AtfjaT©*#Ta«mb*fT 

IV JR?«niMkK«;AAtfl«S 300~400nmT 

[0030]^:Pyro1. 8 
: 1 0 0 0 °C 

a^stsc&fru A-xe-^itfrr-sa*. 

iSttttlEWbiSaflliS 1 1 <hfcoTO-5fca&. SfbSJg 50 



12 2 0nnttfl«fr&tt£fi0>K4t#tttllH3n. 

[0 0 3 1 ] -?-o?£. 02 ( f ) (C^f <fc 5 ic. 
lC«fcUS<bSSK2 2£R££U. #7y»C«feU/ty K 
&<b£t2 1 «IK£UTft7-ttRUMUK2 3£JBfi!c-f<5. 

[0 0 3 2] *&tlfc£?ttlBK<bK2 3«9/t-Xt- 

f 2 3 a iieest«fc u ie< a v . stJfco^ttStKfbR© 

«tttaA<0. 2 MmggTfcofcOICfctU *SSSSff$fi§IC 
«fc«*«*»BMt«©/<-Xtf-*«>ftSttttO. 0 5 

~o. 1 /imaftic»Mr«c&«<nrflg-c&s. 
[0033] [gi 2 nns^m] *m&mmzm3&&m 

Uft«f6IMr«. 0 3 (a) ICMSXHI*. 01 
(b) &l2S'ni;T&44f. S<HliltK2 2<75^agH3 

fiE«ta<fcy^*€?<fl5l«UTfc<. "t LT, g<b*£S5t 
12 2£v;*^£LT*;£14;tfX<tUTg3g#*£m 

[0 0 3 4] ctilcfc'J . BPaw>->U 3>g*6(Clig 

7*n/y^h«Hiiufc». 0 3 (c) ic^-r<fc 
pic mmnkmzc\/DTmmistt&. x.v*nv& 

fSctlcfcy. WK<bK<tLT©SftS3gK2 2 on 

□«*aj<otifflicB<k3i*-c«jasn*-B--f k$*-ju2 

2 a£Jf$j£-r-5„ KjR«rSttlc-f*>aAf * 

CilCfcU. ->'Ja>S<bM2 2. 2 2 aTlbnTU 
£0*«fc»**&AU «*-#WI3J**jefc«lcK* 
SAfRtfil 2£Jf$fi£U ffiK{batSfR««:SttfbLril 

2 2 a rStehTl^gP»ICl4K**<aEA*tl 
fcl^T. tM \r0*-)\'2 2 a T7j CDS*&li<£KHbj$ 
gfii«1 1 iUTiS, 
[0 0 3 5] SI H«UBflg£lB)«lcSHbOT 

;U2 2 aT^©*«lC#-r*fi»baflEf»«1 1 ©Ac«> 
[0 0 3 6] C(D-y--f ^^'?^■-;^«:fflt^•573;^li. m 1 

nmwM<D&*>-< * >>±Am ictt^s ixftaisii^-s 

AV Mit.tflR?»MINI«t/J^<. ^»-f^->;iAA<->'J 
3>^bffi©BSIC0*tlTHStJS:lg#. fe•5^^li^SK 

[0 0 3 7] 

[^WOSftS] *^Wro*3S(*S^OiSji73;*lcj;ti 

goifij±ic^jaiT*-5. 

[01] (a) ~ (c) i±. i nmmoi. 



0-1 89571 



[@2] (d) ~ (f ) I*. @i icsksi nmmmo 
[03] (a) ~ (c) (*. *n*n*mw<Dm 2 mm 

[0 4] (a) . (b) (ift3R<Df5i^tfgtS?<bl8iroff$fi5c 



1 o-->ija>lf. 1 1 •••ffi^<bjlg^. 1 2- 
&&Aflftt. 2 1 •••/<>> V-MitWk. 2 2-gfciiiSiB 
(8Hb^**) . 2 2a - ^KM-^ 



[01 1 



[02] 



(a) 



(b) 



CO 



22 



}-21 
-10 



R1 30 

7/1 >F7Z^ 

S3 



^22 
4-21 

-10 




Cd) 



(f) 



R1 



O2 



R1 



7 



22 

21 
11 
10 



11 12 





( 6 ) 
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